ATP and its metabolite adenosine act synergistically to mobilize intracellular calcium via the formation of inositol 1,4,5-trisphosphate in a smooth muscle cell line.
Interactions between ATP and adenosine on the formation of inositol 1,4,5-trisphosphate (Ins(1,4,5)P3) and mobilization of intracellular calcium were investigated in the smooth muscle cell line DDT1 MF-2. Activation of adenosine A1 receptors with adenosine or cyclopentyladenosine (CPA) or of nucleotide receptors with ATP increased both Ins(1,4,5)P3 formation and intracellular calcium concentrations. The A1 receptor-induced Ins(1,4,5)P3 formation (EC50 10 nM) was antagonized by the A1 antagonist 8-cyclopentyl-1,3-dipropylxanthine (DPCPX) and by pretreatment of the cells with pertussis toxin (PTX). ATP-stimulated Ins(1,4,5)P3 formation (EC50 21 microM) was attenuated, but still present, after PTX treatment. ATP and CPA had supraadditive effects on Ins(1,4,5)P3 accumulation and CPA increased ATP-induced Ins(1,4,5)P3 accumulation in a concentration-dependent manner with an EC50 of 3 nM, a concentration which per se had little or no effect on Ins(1,4,5)P3 accumulation. ATP (EC50 4 microM) and CPA (EC50 4 nM) both increased intracellular calcium levels. The effect of ATP was partially sensitive to PTX treatment, whereas the effect of CPA was blocked both by PTX and by DPCPX. Concentrations of ATP and CPA that by themselves were insufficient to raise intracellular calcium were able to do so when combined. The synergy between ATP and CPA on the mobilization of intracellular calcium was abolished after treatment of cells with PTX or when DPCPX was included in the experiment. Since ATP was metabolized by ecto-enzymes to ADP, AMP, and adenosine, we also examined whether adenosine formed from ATP could enhance the ATP effects on Ins(1,4,5)P3 accumulation. Indeed, the addition of the A1 receptor antagonist DPCPX or removal of endogenous adenosine by inclusion of adenosine deaminase in the experimental medium significantly attenuated the ATP response, and the two treatments did not have additive effects. The present study thus demonstrates that in a clonal cell line two types of receptors increase phospholipase C activity, but via different pathways; nucleotide receptors appeared to act via partially PTX-insensitive, and A1 receptors via PTX-sensitive G-proteins. ATP and CPA are not only able per se to induce formation of Ins(1,4,5)P3 and mobilize intracellular calcium, but they also act synergistically. Finally, it is demonstrated that endogenous adenosine, possibly formed from the rapid breakdown of ATP, can significantly enhance some ATP effects.